ABSTRACT In this article, the authors determine the extent to which several decision heuristics are present in pedestrians" spatial shopping behavior in downtown retail environments. Two factors, length of the observed route and observed sequence in which destinations are visited, were used to define temporal heuristics. Further, two spatial heuristics were investigated: the tendency of some pedestrians to choose first the destination farthest away from the point they entered the city center and the tendency of others to choose first the destination closest to their entry point. Empirical analysis demonstrated that only a small proportion of the pedestrians reveals optimal choice behavior.
INTRODUCTION
Theories and models of consumer spatial choice behavior have changed dramatically over the past few years. About a decade ago, most researchers interested in destination and route choice behavior conceptualized these choice processes as problems of single ch, oice. Their research effort typically involved predicting the probability that a single destination or route would be chosen to conduct a particular activity as a function of the attributes of the destination or route, and, possibly, of some personal characteristics of the traveler. They assumed that choice behavior was the result of a decision-making process by which individuals integrated their utilities associated with the attributes of a choice alternative according to some algebraic rule into an overall utility and then chose the alternative with the highest overall utility value.
It has been increasingly shown, however, that such single-purpose trips constitute only a small proportion of everyday travel. Over the years, the importance of multipurpose trips has received widespread recognition (Hanson 1980a) . In addition, the theoretical underpinnings of discrete choice theory have been questioned. For example, Hanson (1980b) has convincingly argued that the classical axioms underlying discrete choice models (single-choice axiom; single-purpose trip axiom; independence axiom; separability axiom and the stable-utility-function axiom) are at variance with empirical observations. This has confronted transportation researchers with new challenges, because multiAn earlier version of this paper was presented at the llth Pacific Conference, Singapore, July
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stop-multipurpose behavior is a much more complex kind of behavior. Researchers should take into account the number of stops made, the choice of destinations visited, and the sequencing of destinations, both in space and time, within the entire journey.
An ever-recurring question in this line of research concerns the spatiotemporal sequencing of destination choices. A fundamental issue in the analysis of multistop behavior is to understand the decision heuristics individuals use when they are faced with the problem of organizing a journey that involves two or more destinations. In this article we seek to determine the extent to which different decision heuristics are present in pedestrians' spatial shopping behavior in downtown retail environments. To accomplish this objective, we first discuss some heuristics that potentially can be applied to the problem of multistopmultipurpose trips. We continue with a description of the study area and the survey, followed by the results of the analyses and a number of concluding comments.
RESEARCH QUESTIONS
The problem of multistop-multipurpose behavior can be viewed as a problem of choosing and sequencing m different destinations to conduct k different activities or buy k different goods. There are several different decision heuristics that an individual might adopt to deal with this problem. To simplify the problem, let us first assume that the nonlocational attributes (attractiveness) of the destinations are not taken into account. This implies that some distance metric is the only determinant of an individual's choice behavior. Even for this simple problem there are several different decision heuristics that an individual might adopt to organize the journey. The decision heuristic might be distance driven. This would imply that an individual's behavior is not based on some a priori sequence of trip purposes, but rather on the spatial configuration of land uses. A rational traveler would select that destination closest to home that allows fulfillment of one of the purposes. In the following segment of the journey, a second destination is sought closest to the one chosen at the previous stop. This process continues until all purposes have been satisfied.
The problem becomes slightly more complex if we introduce a given set of destinations that has to be patronized. This set might be the result of a previous decision-making process in which an individual has decided which destinations to patronize, or might be the result of a purpose-sequence-driven process. In the latter case, the problem differs from the one previously discussed in that an order constraint is imposed on the journey. In this case, an individual might minimize the distance traveled on each segment of the journey. This is an example of a sequential decision-making process. The problem of multistopmultipurpose behavior is broken down ,into a sequence of single choices. Since we have made the simplifying assumption that the nonlocational attributes are irrelevant, an individual engaged in sequential decision making attempts to minimize distance between all successive pairs of destinations that make up the entire journey. We will call this a local-distance-minimizing (L-D-M) heuristic.
Alternatively, the traveler could choose destinations in such an order that the total distance traveled on the entire journey is minimized. This is an example of a simultaneous decision-making process in the sense that an individual attempts to minimize the total distance traveled. We will call this a total-distanceminimizing (T-D-M) heuristic. Mathematically, this heuristic is equivalent to the traveling salesman problem: in what order should a salesman located in a given city, who wishes to visit n cities once and only once, visit these cities so as to minimize the total distance traveled?
It should be noted that in some empirical situations one cannot discriminate between the two heuristics. This will be the case when the route that results from applying the L-D-M heuristic is identical to the shortest route. Actually, two factors determine the degree by which individuals deviate from or are engaged in some form of rational behavior: distance itself, and the sequence in which destinations are visited. Individuals may still patronize the destinations in an optimal order, without minimizing distance in all segments of their trip.
We call this a global-distance-minimizing (G-D-M) heuristic (see Table 1 ).
The above heuristics concern the temporal sequencing of destinations in a multistop-multipurpose trip. However, temporally based heuristics sometimes generate sequences of destinations that are equivalent on the objective function. This is especially true for symmetrical tours. The total distance traveled in the sequence H-A-B-C-D-H is exactly the same as the total distance traveled in the sequence H-D-C-B-A-H, where H is home or the entry/departure point of some area. Hence, some additional assumptions have to be made if we wish to identify the heuristics underlying multistop-multipurpose travel. In particular, the spatial sequencing needs investigation. Individuals may visit destinations in order of proximity to home or entry point. We will call this a nearest-destinationoriented (N-D-O) heuristic. It implies that individuals will generally have to carry the things they buy along the route across longer distances. Alternatively an individual may decide to visit first the destination farthest from home or entry point. We will call this a farthest-destination-oriented (F-D-O) heuristic.
The empirical evidence to support any of the above decision heuristics is very limited and not very conclusive. For example, Hayes-Roth and Hayes-Roth (1979) , working with a computational process model, examined the heuristics individuals use when they are asked to plan a trip. Their subjects had to choose the order in which to visit a given set of destinations to conduct a series of activities. Their computer simulations suggested that the subjects used a combination of the L-D-M and N-D-O heuristics: they first chose the destination closest to home or entry point, then the destination closest to the one chosen at the previous step, and so on until all activities were conducted. This finding was elaborated in a series of studies conducted by Gärling and his associates. Säisä and Gärling (1987) found, both in a laboratory setting and in real-world environments, that individuals tend to use the G-D-M heuristic rather than the L-D-M heuristic when the latter would result in a substantially longer distance required to complete the tour. In two other projects (Gärling et al. 1986; Gärling 1987) they found that the choice between these two heuristics is dependent upon the cognitive representation of the environment. If individuals possess some maplike mental representation of the environment, they are able to apply the G-D-M heuristic; otherwise they tend to minimize distance locally in a sequential decision-making process. 
In yet another stud • Gärling and Gärling (1988) did not request their subjects to minimize distance, but examined their actual behavior, allowing them to investigate the importance of distance-minimizing behavior. They concluded that some kind of distance-minimizing behavior appeared to be an important goal of pedestrian shoppers and that the most frequently observed behavior involved a combination of what we have called an F-D-O heuristic and an L-D-M heuristic: individuals tend to choose first the destination farthest away from their entry point and then minimize distance locally back to the point where they entered the city center.
All of the studies cited above concerned shopping trips. O' Kelly and Miller (1984) investigated the characteristics of more-general multistop-multipurpose behavior involving many types of activities. They found that the percentage of their respondents displaying global distance-minimizing behavior decreased substantially with increasing trip length. They also found that the probability of choosing minimum paths increased when the degree of difference between the minimum and maximum path times increased. As far as the spatial structuring of the trip is concerned, there were almost equal proportions of respondents who stopped first at the closest destination and respondents who stopped first at the destination farthest from home.
This examination of the literature suggests scattered pieces of empirical knowledge pertaining to various kinds of travel and different theoretical concepts. The objective of the present study is to replicate and elaborate previous work in an attempt to systematically uncover the use of different decision heuristics in the context of pedestrian spatial shopping behavior in downtown retail environments. The following research questions guided the analyses: (g) Does the propensity to choose a local-distance-minimizing heuristic differ systematically in terms of the number of stops made during the trip? (h) Does the propensity to choose a farthest-destination-oriented heuristic differ systematically in terms of the number of stops made during the trip? (i) To what degree do the answers to the above questions depend upon whether the trip is planned or unplanned? (j) To what degree do the answers to the above questions depend upon the layout of the retail environment?
Before we discuss the results of the analyses, it is important to emphasize the context and limitations of the present study. So far, we have assumed that the nonlocational attributes are irrelevant in the choice process. If we allow these attributes to enter the choice process, the problem instantly becomes far more complex in the sense that distance should be replaced by a more general utility function. The complexity of the research problem further increases if we allow impulse choices to occur. This article is part of a wider project that ultimately attempts to develop and test a model for this more general problem. However, in this article we are only interested in the spatiotemporal sequencing of destinations. That is, we assume the destinations that are visited by the sample respondents are given. The results of this study thus provide only limited, albeit important, evidence on the prevalence of decision heuristics underlying multistop-multipurpose travel.
DATA COLLECTION
The extent to which these different decision heuristics are present in multistop-multipurpose behavior was studied in the context of pedestrian movement in inner-city shopping areas. As Hanson (1979) has argued, pedestrian movement constitutes one of the most important types of multipurpose behavior. The data were collected for the cities of Maastricht, located in the southern Netherlands, and Eindhoven, located a little farther to the north. Maastricht is a historical city. This is evidenced in the general layout of the city center, which is characterized by several small and winding streets. In contrast, Eindhoven is a modern city with a basically rectangular street pattern in the city center. This layout dates from the late 1940s, after the bombing of the city in World War II.
The data were collected in the autumn of 1987, on a Thursday and a Saturday from 10 A.M. to 5 P.M. Shops in the Netherlands open at 9 A.M. and At each point, pedestrians who had completed their shopping in the downtown area were randomly selected and invited to complete a questionnaire about their shopping. The analysis required data on the sequence of shops that were patronized and the routes the pedestrians had taken on the various segments of their journey. There has been some debate on how such data can be collected most reliably (e.g., Shepherd and Thomas 1980) . It has been argued that even if shoppers are interviewed immediately after completing a shopping trip, their report is often flawed through the omission or missequencing of events. However, direct observation of detailed shopping behavior is also fraught with difficulties. It is far more laborious, there are some ethical objections, and finall~ some aspects of behavior may be difficult to capture. Hill (1984) compared these two procedures and found that retrospective self-reports are as accurate as unobtrusive observations. Therefore, we decided to use this measurement procedure. Respondents were asked to name, in sequence, the shops they had visited, whether they had planned to visit the shops, and whether they had planned to buy goods in these shops. In addition, the respondents were shown a map of the downtown area and asked to draw on that map the route they had followed to visit the various shops.
ANALYSES AND RESULTS
Before discussing the results of the analyses, it is important first to explicate how the different decision heuristics were identified. The L-D-M heuristic relates to distance-minimizing behavior between pairs of successive destinations in a trip sequence. Shortest routes between successive destinations in a pedestrian's trip sequence were identified using a shortest-route algorithm, and a pedestrian was said to apply the L-D-M heuristic if his/her self-reported route choice between all successive pairs of destinations coincided with the calculated shortest route. The G-D-M heuristic pertains to the optimal sequence of selected destinations. To identify the pedestrians applying this heuristic, the shortest total distance associated with all possible permutations of the selected desti- nations was calculated. A pedestrian was said to have applied the G-D-M heuristic if the observed sequence of visited destinations was associated with the shortest distance. If the total shortest distance calculated from the selfreported route was identical to the solution of the traveling salesman problem, the pedestrian was said to exhibit T-D-M behavior.
The spatial decision heuristics can be identified by calculating the route length along which items need to be carried given some sequence of destinations. Ideally, one should weight each segment of the trip with the carrying weight of the bought items, but because such data were not available, only the route length was measured. To determine whether a pedestrian applied the N-D-O heuristic or the F-D-O heuristic, the following formulas were used: dni is the distance traveled from entry point n to destination i; and dix is the distance traveled from destination i to exit point x.
Pedestrians were said to apply the N-D-O heuristic if the ratio Dl~DR was less than 1.0. If this ratio was greater than 1.0, the pedestrian was said to display the F-D-O heuristic. Some of the research questions necessitate a distinction between planned and unplanned trips. We classified a trip as "planned" if the respondent had planned to visit all chosen destinations; otherwise the trip was "unplanned." All of the analyses, however, were based on only those destinations that the respondent planned to visit before entering the city center, regardless of whether we classified the trip as "'planned" or "unplanned." of its less-complex structure. Only approximately 4 percent of the respondents in both cities reveal a local-distance-minimizing heuristic. This implies that the decision-making process of a substantial number of pedestrians is not uncovered by the assumption of shortest-route behavior underlying almost all existing models of pedestrian movement, even if it is remembered that the shortestroute assumption applies also to the T-D-M heuristic. Table 2 also shows that the percentages of respondents revealing local-or total-distance-minimizing behavior are significantly lower for unplanned trips than for planned trips. Thus, it appears that pedestrians who go to downtown retailing environments with a list of shops to visit are engaged in a rational decision-making process in the sense that their sequencing of shop visits and/or route-choice behavior between successive stops is more optimal. Table 3 presents the results of the analysis conducted to examine the use of spatial heuristics. It demonstrates that the farthest-distance-oriented heuristic is used most in Maastricht. This finding suggests that a majority of the pedestrians in Maastricht first visit shops located farther from the point where they entered the city center and then proceed back to their point of departure. Although we could not test this empirically in the present study, such behavior might be explained by the fact that pedestrians would have to carry their heavy purchases across smaller distances. Table 3 , however, also demonstrates that the pedestrians in Eindhoven apply the nearest-destination-oriented heuristic most. It is not readily evident why these differences occur.
The Use of Different Temporal Decision Heuristics

The Use of Different Spatial Decision Heuristics
Finall3~ Table 3 shows that the percentage of respondents applying a nearestdistance-oriented heuristic is higher for unplanned trips than for planned trips in both cities. This finding is consistent with our theoretical expectations. Pedestrians who plan their visits have a higher probability of revealing optimal behavior in terms of the sequence in which these shops are visited. Likewise, sequencing behavior of pedestrians who do not plan their trips is more likely a function of routing considerations. Table 4 summarizes the associations between the temporal and spatial heuristics. For example, for the case of planned trips in Maastricht, the F-D-O heuristic is relatively more associated with either a L-D-M or T-D-M heuristic than with a G-D-M heuristic. The data also demonstrate that this association disappears for unplanned trips. These findings, however, are not substantiated by the results obtained for Eindhoven. In the case of planned trips, the spatial heuristics are largely independent from the temporal heuristics.
Associations between Spatial and Temporal Heuristics
A possible explanation for these results might be that the complexity of the retail environment affects pedestrians' propensity to plan a shopping trip. Pedestrians in Maastricht who plan a trip a priori are more likely to reveal optimal behavior as exemplified by a higher probability of applying both T-D-M and F-D-O heuristics.
Correlates of Temporal and Spatial Heuristics
One might expect that the use of temporal heuristics is influenced by the complexity of the journey as indicated by the number of stops made during the journey. The more stops to be made, the more difficult it will be to reveal rational, optimizing behavior. To test this hypothesis, the use of the various temporal heuristics was crossed against the number of stops made during the shopping trip. Again, the results were disaggregated according to whether the trip was planned or not, and the analysis was performed for each of the two cities separately.
The results, given in Table 5 , illustrate that the propensity to adopt a localdistance-minimizing heuristic increases with an increasing number of stops made during the journey for planned trips in Maastricht. The same tendency is observed for Eindhoven, although it seems that in this case saturation already 7.7 2.7 12.7 100.0 100.0 100.0 100.0 occurs after four stops. As expected, the use of the total-distance-minimizing heuristic decreases monotonically with an increasing number of stops in both cities. The data in Table 4 suggest that the tendency to adopt a T-D-M heuristic drops dramatically for more than four stops. In the case of Maastricht, the use of a G-D-M heuristic also drops with an increasing number of stops made during the trip. This result is not obtained for Eindhoven; there the percentage of respondents applying a G-D-M heuristic is more or less independent of the number of stops. Again, this result might be due to the less complicated layout of the shopping environment in Eindhoven, which could result in pedestrians having a more reliable cognitive image of the structure of the downtown shopping area. If we examine the results obtained for the unplanned trips, few regularities can be found. The use of a global-distance-minimizing heuristic seems to drop more dramatically with an increasing number of stops as compared to planned trips. Perhaps most significant, though, is the relatively high number of respondents that apply some "other" heuristic, and this number increases with an increasing number of stops made during the journeß especially in Maastricht.
To gain more insight into the relationships between the use of the identified temporal heuristics and the city, the nature of the trip, and the number of stops, a loglinear analysis was performed on the data summarized in Table 5 . Use of a temporal heuristic served as the dependent variable of the analysis. The results of the loglinear analysis are presented in Table 6 . Only the following coefficients were significant beyond the 5 percent probability level. First, the results of the loglinear analysis demonstrated a significant difference in the use of the "other" heuristic between the two cities. Second, the results suggested that the percentage of respondents applying a G-D-M or "other" heuristic was significantly less for planned trips as compared to unplanned trips. Finally, the two-way interaction effect between G-D-M and three stops was significant, suggesting that the propensity to adopt a global-distance-minimizing heuristic was higher when only three stops were made during the journey. The latter result supports our contention that pedestrians reveal less rational, optimizing behavior with in- Table 7 . They indicate that in the case of planned trips in the city of Maastricht, the use of the N-D-O heuristic tended to decrease slightly as the number of stops increased. This was compensated first by an increasing percentage of pedestrians applying the F-D-O heuristic in the case of four stops, and second by relatively more pedestrians using a "neutral" heuristic in the case of five stops. Eindhoven displayed reverse results. The percentage of respondents applying a nearestdestination-oriented heuristic slightly increased with an increasing number of stops. As a result the percentage for the F-D-O heuristic monotonically decreased with an increasing number of stops. It is difficult to think of facts that might exptain these observed differences between the two cities. In the case of unplanned trips, the percentage of pedestrians applying the F-D-O heuristic decreased with an increasing number of stops in both cities, while the percentage of pedestrians applying the N-D-O heuristic tended to increase with an increasing number of stops made during the journey. This finding is consistent with our theoretical expectations in that one would expect pedestrians to patronize shops relatively more in order of appearance with an increasing complexity of the trip since the trip was not planned a priori.
As in the case of the temporal heuristics, a loglinear analysis was performed on the four-dimensional contingency table (Table 8 ). The results of the loglinear analysis showed significant differences in the use of the two spatial heuristics between Maastricht and Eindhoven. In addition, the analysis revealed a significant two-way interaction effect between the use of the F-D-O heuristic and five or more stops, suggesting that pedestrians were less inclined to use a F-D-O heuristic when their shopping trip involved five or more stops. A significant effect indicated that in this case they tended to use more the neutral heuristic.
DISCUSSION AND CONCLUSIONS
The present study is part of a wider research project that seeks to develop and test a simulation model of shopping pedestrians' destination-and routechoice behavior in city centers. Most of the existing models (e.g., Timmermans 1986a, 1986b; Hagishima, Mitsuyoshi, and Kurose 1987) typically assume that shopping pedestrians are engaged in a sequential decision-making process: given a sequence of destinations to be visited, pedestrians are assumed to minimize distance between all successive pairs of destinations during their shopping trip. The present empirical analysis has demonstrated that such a distance-minimizing strategy is only one of various possible decision heuristics pedestrians may apply. The research findings suggest that only a small proportion is engaged in distance-minimizing behavior, and this proportion drops with an increasing complexity of the retail environment.
If this result is confirmed in other studies in other cities, it has some important implications for the modeling of pedestrian movement. That is to say, results like the ones obtained in the present study seriously question the validity of assumptions regarding pedestrian destination and, especially, route choice behavior that underlie existing models of pedestrian movement. Existing models are only partly based on assumptions that reflect actual pedestrian decision-making and choice processes. Consequently, our ability to predict their destination-and route-choice behavior might be improved if new models that incorporate the heuristics described in the present study were developed. It appears very difficult to incorporate such notions into spatial interaction and discrete choice kinds of framework. Microsimulation approaches look more promising as they allow one to incorporate both qualitative and quantitative assumptions in the model in a straightforward fashion. The authors are currently developing such a model of pedestrian destination-and route-choice behavior.
